Overview
The Access Grid (AG) [1] infrastructure creates a collaborative environment designed to provide seamless, interactive group-to-group collaborations among groups that are not co-located. This enables a rich set of interactions to occur by using streaming media, providing a semi-immersive environment in which the technology fades into the background. Designed to be always on, instantaneous interactions occur across widely distributed sites. In order to effectively interact across the Access Grid, users are best served by Access Grid nodes conforming to a minimum set of standards to provide the seamless semi-immersive environment. Similar to other semiimmersive and fully immersive systems, the success of the Access Grid is contingent upon the degree to which these standards are met or exceeded. In the past, AG nodes have had to conform to a specific hardware configuration. The objective was to build a system that could be deployed widely enough to investigate open research questions in group-to-group collaboration. Now that the AG is established, it is important to enable the investigation of alternative AG Node configurations. This document specifies the minimum functionality required for a space to be considered an Access Grid node.
The Access Grid provides a group-to-group collaboration environment in which the resources are provided via a spatial metaphor and virtual collaboration spaces are persistent. The architecture is open, extensible, and scalable and leverages established standards. The Access Grid comprises three major parts: virtual venues services, Access Grid nodes, and Access Grid network services. The venues services provide navigation, discovery, and security for resources. Access Grid nodes are spaces that provide comfortable, high-fidelity, natural interactions with Access Grid resources. Access Grid network services provide capabilities such as venue recording, stream processing, and bridging between the Access Grid and other collaboration systems. Applications can use this infrastructure to enable groups to share data, computing resources, and applications among widely distributed participants.
The target use of the Access Grid involves six to eight nodes that have three to ten participants per node. The intent of the Access Grid is to enable groups of collaborators to increase productivity by reducing the work involved in finding expert resources, people, publications, source code, data and computing resources. The Access Grid is also used for classroom lectures, training, invited talks, and collaborative activities such as strategy and management meetings.
Inevitably, collaborations involve participants that are not co-located with other participants. These users need to be able to interact with the Access Grid as fully as their technology permits them. Users that do not have a space that meets the minimum requirements but need to participate in AG-based collaborations can do so at a reduced level of functionality. Participants without nodes connect to the AG venues through AG network services. AG network services resolve the mismatch in capabilities between the participants' environment and the rest of the AG. AG network services that might be used to bring participants (with reduced or full capabilities) into the collaboration include transcoding, subsampling, and mixing services.
AG Node Minimum Requirements
Major characteristics of the AG node include the size and layout of the environment, software, video capabilities, audio capabilities, display capabilities, and network capabilities. Each of these components contributes to the collective success of the AG node at providing the seamless experience groups expect when using the Access Grid.
• 
Metrics for Success
In this section we establish acceptable ranges for each component of the Access Grid space.
Some aspects of performance are difficult to measure. For these, heuristics may be used to provide a measurement that is relative to the known best measurement. For example, multicast connectivity might be measured on the basis of the fraction of the time that bi-directional connectivity is available to a core set of working sites; display interactivity might be measured by a combination of processor load and window event frequency.
For measurable aspects of the Access Grid nodes, we provide an outline in Table 1 of the reasonable standards for latency, jitter, bandwidth, loss, and multicast.
The latency and jitter described here are end-to-end for one-way local-network measurements. Specifically, we indicate an acceptable level of performance for capture, encoding, network transmission and reception, decoding, and presentation between devices directly connected on a local network, in one direction. These are all affected by the choice of hardware, such as CPU, memory, capture, and display hardware. The impact of WAN latency is not included, since that is a function of the underlying network paths involved and on an intercontinental scale can overwhelm the encode/decode latency.
Latency affects the interaction between sites. Longer latencies introduce greater formality in conversations, as each site has to wait to avoid talking over another. While larger latencies are acceptable for broadcast or lecture models, it becomes uncomfortable for workshops and the like. [6, 7] 400 ms 60 ms 64 Kb/s 5% Yes Video [8] 400 ms 30 ms 256 Kb/s x 4 = 1 Mb/s 25% Yes
Operational Best Practices
In addition to the minimum requirements for a space to be considered an AG node, the following practices are encouraged. Adherence to these practices is not required, but is strongly encouraged because it significantly improves the quality of AG interactions.
• Environmental Improvements o Create a comfortable environment for users to use for long periods of time o Minimize ambient noise o Provide full-spectrum, diffuse lighting, not directly above participants o Position node operators where they can easily see the display o Place the node operator's microphone in a way that reduces the transmission of key strokes and whispering • Video o Position cameras so that they provide a view of the shared display a view of audience space two views for close-ups o Place cameras to simulate eye contact [9] o Use a neutral color of medium brightness on backgrounds [9] • Audio o Place microphones so that participants can be heard without leaving their chair, bending forward, or raising their voice • Display o Merge multiple display panes into a single seamless display, abut the edges and align the tops and bottoms of adjacent projectors o Create the largest possible display, possibly using creative projector mounting and short-throw lenses for the projectors [9] 
Conclusion
The goal of the Access Grid, to provide seamless, interactive group collaborations among groups that are not co-located, depends on the degree to which AG nodes can capture the local environment and share it with other nodes. Good networks, multiple views, solid, clear, handsfree, full-duplex audio, large shared displays, and standards compliant software are required to achieve this goal. During construction of the initial AG prototype it was important to have a single node configuration so that AG researchers could help new users adopt the technology. Now that the Access Grid is widely adopted and research into AG technology is being pursued by many institutions, it is important that standards be established to enable many groups to investigate AG configurations specific to different situations, communities, and environments. This document specifies the requirements, metrics, and minimum performance that enable a space to become an Access Grid node.
